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E-mail address: rbhuang@xmu.edu.cn (R.-B. HuangTwo novel coordination polymers, [Ag(BTC)1/3(ADMP)]n (1), [Ag(BDC)1/2(ADMP)]n (2) (2-amino-4,6-dim-
ethylpyrimidine = ADMP; H3BTC = 1,3,5-benzenetricarboxylic acid; H2BDC = 1,4-benzenedicarboxylic
acid), have been synthesized under the ammoniacal conditions and structurally characterized. In com-
plex 1, H3BTC ligand showing a new coordination mode links silver atoms to generate a two-dimensional
(2-D) honeycomb-like structure, which is further linked through ADMP ligands to produce a complicated
three-dimensional (3-D) framework. Complex 2 features a 2-D infinite layer framework consisting of
binuclear silver clusters, which is further stacked via intermolecular Cmethyl–H  p short contacts and
Van der Waals interactions to form a 3-D supramolecular architecture.
 2009 Elsevier B.V. All rights reserved.The current interest in coordination polymeric frameworks
stems not only from their intriguing variety of architectures and
topologies, but also their potential applications in luminescence,
nonlinear optics, porous materials, gas storage and catalysis
[1–3]. Much effort has been focused on the design and controlled
synthesis of metal–organic frameworks. The diversity in such
framework structures greatly depends on the selection of metal
ions, organic ligands and reaction pathways [4]. Polycarboxylate
and N-heterocyclic organic ligands have received considerable
attention in constructing metal–organic frameworks owing to the
variety of their coordination modes [5,6]. The symmetric rigid li-
gand 1,3,5-benzenetricarboxylic acid (H3BTC) and 1,4-benzenedi-
carboxylic acid (H2BDC) are of specially interest in recent years,
because these essentially planar ligands have already afforded a
number of unusual multidimensional metal–organic frameworks
[7–9]. On the other hand, aminopyrimidine and its derivatives
are also considered a kind of interesting ligands from a supramo-
lecular chemistry point of view, due to the presence of two donor
N atoms and central amino being hydrogen-bonding synthon. This
makes them applied to develop polymeric metal–organic hybrid
frameworks [10,11]. In our recent investigation, 2-aminopyrimi-
dine and its derivatives as N-heterocyclic ligands have been suc-
cessfully used to construct a series of Ag(I) complexes spanning
from 0-D to 2-D structures [12]. As a continuation of our work,ll rights reserved.
).our strategy is focusing on the use of mixed ligands such as sym-
metric rigid aromatic polycarboxylate acids and aminopyrimidyl
ligands for creating novel framework structures [13,14]. In this
report, we describe the syntheses, crystal structures and interest-
ing photoluminescent properties of two novel silver(I) coordina-
tion polymers with different topological structures, namely,
[Ag(BTC)1/3(ADMP)]n (1), [Ag(BDC)1/2(ADMP)]n (2).
Reactions of ADMP ligand and benzene–polycarboxylate acids
H3BTC or H2BDC with silver(I) ions in presence of a base like NaOH
or Et3N usually afford intractable white solids, which obstructs fur-
ther structural studies by X-ray single-crystal diffractions. We
found that good colorless crystals of 1 and 2 could be obtained
from the mixture of AgNO3 with ADMP and H3BTC or H2BDC in
aqueous ammonia [15]. Ammonia here may serve as (i) a base to
deprotonate the benzene–polycarboxylate acids and enhance the
solubility of the silver carboxylates and (ii) a ligand to form
[Ag(NH3)2]+, which may reduce the reaction rate and facilitate
the growth of single-crystals. No NH3 molecules were found in
the final products, which is in agreement with the results of several
recent reports, in which ammonium was used in their reactions to
prepare metal–polycarboxylate complexes [13,14,16]. Their IR
spectra exhibit the absorptions in the range of 3140 cm1 to
3397 cm1, corresponding to the N–H stretching vibrations of
the amide group. Strong characteristic bands of carboxylic groups
are observed in the range of 1660 cm1 to 1570 cm1 for the
asymmetric vibrations and 1433 cm1 to 1396 cm1 for sym-
metric vibrations, respectively (Fig. S1, ESI). The absence of the
characteristic bands at around 1700 cm1 attributed to the
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tonation of all carboxylate groups in 1–2 upon reaction with Ag
ions [13,14,17]. Powder X-ray diffraction (PXRD) has been used
to check the phase purity of the bulky samples in the solid-state.
For complexes 1–2, the measured PXRD patterns closely match
the simulated patterns generated from the results of single-crystal
diffraction data, indicative of pure products (Fig. S2).
Single-crystal X-ray analysis [18] suggests that complex 1
crystallizes in the trigonal space group R3, which is a 3-D metal–
organic network constructed through mixed N-donor and O-donor
ligands. The fundamental unit is shown in Fig. 1a. There is only
crystallographically unique Ag center in the crystal structure. The
charge neutrality is achieved by deprotonated carboxylate groups
of H3BTC molecule. Each four-coordinate Ag, which adopts a dis-
torted tetrahedral geometry, is coordinated by two bridging ADMP
nitrogen atoms, and two carboxylate oxygen atoms of two sepa-
rated [BTC]3 anions. The largest N(1)–Ag(1)–N(3A) angle opened
up to 136.13(9) from the ideal tetrahedral angle while the remain-
ing angles are in the range from 76.15(8) to 130.18(8). The aver-
age Ag–N and Ag–O bond distances are 2.289(3) and 2.473(2) Å,
respectively, which are in good agreement with those found in
the relevant literature [12–14]. It’s noteworthy that threefold axis
lies in the midpoint of benzyl group of [BTC]3 anion, and therefore
[BTC]3 anion may act as a good candidate for a corrugated (6,3)
sheet. The H3BTC ligand shows a new coordination mode connect-
ing six silver(I) atoms through three symmetry –COO groups, all
of which in l2:g2 coordination modes. To the best of our knowl-
edge, this simple coordination mode is not seen in the other me-Fig. 1. (a) The coordination environments of silver atoms in 1 with 40% thermal ellipsoi
Selected bond distances (Å) and (): Ag(1)–N(1), 2.271(3); Ag(1)–N(3A), 2.306(2); Ag(1)
O(1), 130.18(8); N(3A)–Ag(1)–O(1), 87.28(8); N(1)–Ag(1)–O(1C), 95.07(8); N(3A)–Ag(1)–
z + 1/3; C: x + 1, y, z. (b) 2-D honeycomb-like layers of (6,3) topology with 1-D chatal-H3BTC complexes. As displayed in Fig. 1b or c, two same Ag
centers in pairs were linked by two carboxylate groups from two
separate [BTC]3 anions, producing a dinuclear Ag2(O2C–)2 second-
ary building unit (SBU). Six BTC linkers alternately bridge six
Ag2(O2C–)2 SBUs to yield a corrugated hexagonal 48-membered
ring (Fig. 1c). The hexagonal rings are edge-sharing to each other
to generate a 2-D honeycomb-like framework along the ab plane
(Fig. 1b), which can be regarded as a hexagonal honeycomb 63-
hcb topology with BTC ligands acting as ‘‘3-connected” centers
and SBU units being regarded as repeating units. In other words,
one Ag2(O2C–)2 SBU connects with five such SBUs through six
BTC ligands in the honeycomb to create cavities. On the other hand,
if the BTC ligands are neglected, each ADMP ligand, taking N,N0-
bidentate coordination mode, connects each pair of adjacent silver
atoms via pyrimidyl nitrogen atoms to form 1-D wavy pattern
chains along c axis (Fig. S3). Therefore, the overall structure of 1
consists of 2-D honeycomb-like constructed from BTC ligands
and 1-D wavy pattern chains constructed from ADMP ligands to
generate a complicated 3-D framework (Fig. S4).
X-ray analysis reveals complex 2 crystallizes in the monoclinic
space group C2/c, which is a 2-D layered structure with Ag–Ag con-
tacts. The crystallographically imposed twofold axis passes
through the C8–C9 bond and C10–C1 bond, therefore only half of
the Ag2(ADMP)2(BDC)-unit is crystallographically independent.
As shown in Fig. 2a, the silver ion is coordinated by two nitrogen
donors from two different ADMP ligands with the Ag–N bonds
ranging from 2.370(3) to 2.438(3) Å, and two oxygen donors from
two different BDC2 anions with the Ag–O bonds ranging fromds. Hydrogen atoms in benzyl, methyl and pyrimidyl groups are omitted for clarity.
–O(1), 2.423(2); Ag(1)–O(1C), 2.523(2); N(1)–Ag(1)–N(3A), 136.13(9); N(1)–Ag(1)–
O(1C), 118.59(8); O(1)–Ag(1)–O(1A), 76.15(8). Symmetry codes A: y + 2/3, y  2/3,
nnels along the c axis. (c) Drawing of the hexagonal 48-membered ring.
Fig. 2. (a) The coordination environments of silver atoms in 2 with 40% thermal ellipsoids. Hydrogen atoms in benzyl, methyl and pyrimidyl groups are omitted for clarity.
Selected bond distances (Å) and (): Ag(1)–Ag(1A), 3.067(2); Ag(1)–N(3), 2.438(3); Ag(1)–N(1B), 2.370(3); Ag(1)–O(2), 2.383(3); Ag(1)–O(1B), 2.404(3); N(1B)–Ag(1)–N(3),
121.59(12); N(1B)–Ag(1)–O(2), 125.07(10); N(1B)–Ag(1)–O(1B), 91.41(10); O(2)–Ag(1)–O(1B), 131.91(13); O(2)–Ag(1)–N(3), 91.86(11); O(1B)–Ag(1)–N(3), 93.49(9).
Symmetry codes A: x, y, z + 1/2; C: x, y, z  1/2. (b) View along the ac-plane of 2-D layered structure in 2. All hydrogen atoms are omitted for clarity. (c) View of
intermolecular CH-p short contacts for 2.
Fig. 3. Solid-state emission spectra of complex 1, 2 and free ligands at room
temperature.
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with adjacent silver ion (Ag1A) through the bridging carboxylate
group. The Ag–Ag distance is slightly longer than those found in
other Ag–Ag contact complexes, such as [Ag{CH(COOC2H5)2}PPh2]2
(2.953(1) Å) [19a], [AgCH2P(S)Ph2]2 (2.990(2) Å) [19b], and Ag2(H2L)3]n
(ClO4)2n (H2L = N,N0-bis(salicylidene)-1,4-diaminobutane) (2.946 Å)
[19c]. If neglecting the Ag–Ag bond, each silver ion is four-coordi-
nate in a tetrahedronal geometry. The two carboxyl groups of
H2BDC are all deprotonated and coordinated to four silver(I) atoms
in a l4-bridge mode. The binuclear [Ag2(O2C–)2] unit is formed by
two silver ions linked by two bridging carboxylate groups from two
separate BDC2 anions. Such binuclear units are linked head-to-tail
through sharing BDC2 ligands to form a 1-D chain along b axis, if
ADMP ligands are neglected. By ADMP ligands in ‘‘l2–g1–g1”
modes along c axis linking the 1-D chains, a negative 2-D layered
structure along the ac-plane has been generated (Fig. 2b). From a
topological perspective, if the central binuclear [Ag2(O2C–)2] sub-
unit is taken as a rectangular four-connected node and double
bridges from two ADMP ligands as one linker, then the net under-
lying the crystal structure of 2 is a 44-sql net. The crystal packing
behavior for 2 is of particular interest, intermolecular Cmethyl–
H  p short contacts can be observed between adjacent layers
(Fig. 2c). The distance between centroid of phenyl ring from BDC
ligand and methyl C3 is 3.594 Å, which is typical of intermolecular
short CH-p contacts (3.7–3.8 Å as found in proteins) [20]. We here-
in believe these short CH-p contacts not only contribute to fulfill
empty p-surfaces, to some degree, but also to the stabilization of
the crystal packing of 2.The solid-sate fluorescent properties of 1 and 2 as well as free
ligands were measured at room temperature, and the fluorescent
spectra are displayed in Fig. 3. Complex 1 exhibits fluorescence
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300 nm, and complex 2 displays a broad emission band in the so-
lid-state at 483 nm upon photoexcitation at 300 nm. We further
analyzed the photoluminescent properties of the corresponding
free ligands including ADMP [12] (kem = 340 nm), H3BTC (kem =
367 nm) and H2BDC (kem = 384 nm) as shown in Fig. 3. When fro-
zen to 77 K, no obvious change of the emission position of two
complexes can be observed. Therefore, we think the origin of ob-
served emissions in 1 and 2 can probably be derived from both li-
gand-centered emission and ligand-to-metal charge transfer
(LMCT), or a mix of both. It should be noteworthy that compared
with the emission peaks of the free ligands, the presence of the big-
ger red shift in 1 and 2 is observed and may be ascribed to the in-
crease of the ligand conformational rigidity and coplanarity, which
due to the coordination to Ag(I) ions resulting in a decrease in the
nonradiative decay of intraligand excited states.
In summary, under the ammoniacal conditions, we have
successfully synthesized two novel photoluminescent silver(I)
coordination polymers with different topological structures by
introducing different symmetric benzene–polycarboxylate acids
into previous silver-aminopyrimidyl derivative system.Acknowledgments
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